Manganese(II) acetate reacts with phthalic acid (phil2) to give [Mn(ph)]'0.5H20 (1). Reaction of 1 with 1,10-phenanthroline produces [Mn(ph)(phen)]'2H20 (2) and [Mn(ph)(phen)2(H20)]'4HzO (3). Reaction of isophthalic acid (isophHz) with manganese(II) acetate results in the formation of [Mn(isoph)].2H20 (4). The addition of the N,N-donor ligands 1,10-phenanthroline or 2,2'-bipyridine to 4 leads to the formation of
Introduction
The yeast Candida albicans is a commensal of the human body and is considered to be an important fungal pathogen. Oppurtunistic infection can lead to the development of vaginal candidosis (thrush), a condition from which over 75% of women suffer at some stage in their lifetime. Systemic candidosis is often fatal in immunocompromised patients. TM The state-of-the-art drugs currently used to treat Candida infections are often ineffective because of problems with resistence or toxicity and subsequently the search for novel antifungal agents has gathered momentum. A number of publications has appeared in the literature highlighting the fungicidal activity of novel transition metal complexes. 6 Recently, we have shown that a range of carboxylate complexes icorporating Copper, Manganese and Cobalt metal centres inhibit the growth of Candida albicans .7-1 In the present paper we report the synthesis and structural characterisation of three new manganese(II) complexes derived from either phthalic or isophthalic acid. In addition the in-vitro antiCandida activities ofthe compounds are discussed.
Materials and Methods
Chemicals were purchased from commercial sources and used without further purification. Infrared spectra were recorded in the region 4000-400 cm "l on a Nicolet-400 Impact spectrometer. Magnetic (7) were collected using a Siemens SMART CCD diffractometer. All the data for the structures were corrected for Lorentz, polarization and absorption effects. All three structures were solved by Direct methods and refined by full matrix least-squares on F 2 using all of the data. All the non-hydrogen atoms were refined with anisotropic atomic displacement parameters and hydrogen atoms bonded to carbon atoms were inserted at calculated positions. For 3 and 6 Hydrogen atoms bonded to oxygen were located from difference Fourier maps and not further refined. In 6 one of the solvate water molecules was disordered and refined with partial occupancy of two sites (OI6W 25%, O16' 75%), the hydrogen atoms associated with this molecule were not inserted. As described below, the structure of 7 consists of a polymeric chain with the uncoordinated bipy groups occupying voids in the lattice. The structure can be solved and the polymeric chain refined in a smaller cell (U 4480 A"3, space group C2/c, Rin 0.042) but we could not satisfactorily model the lattice bipy using this cell. In the larger, P2/n cell, uncoordinated bipy molecules were located at three independent sites, two of these were refined without difficulty but some constraints were applied to the third which was refined with 75% occupancy using regular hexagonal geometry for the two six-membered rings. The two nitrogen atoms were not clearly distinguished in the third bipy molecule and all the atoms were refined as carbon. It seems probable that the lattice bipy molecules render the structure formally incommensurate. All the non-hydrogen atoms were refined with anisotropic atomic displacement, hydrogen atoms were inserted at calculated positions with their isotropic displacement parameters riding on Uij of their carrier atoms (except for those on the partial occupancy bipy molecule, which were not included). All programs used in the structure solution and refinement are contained in the SHELXL97 package. Table 2 . The asymmetric unit consists of [Mn(ph)(phen)2(H20)] (Figure 1 ). The two phenanthrolines are co-ordinated to the Manganese atom in a bidentate way while the phthalate anion is bound to the metal through only one carboxylate oxygen in a monodentate mode. A water molecule occupies the sixth co-ordination site.
The carboxylate oxygen (O21), the coordinated water oxygen (OIW) and the lattice water oxygens (O2W-O5W) are all involved in Hydrogen bonding (Table 3 ). The O4W is hydrogen bonded to the co-ordinated carboxylate oxygen (O21) and to another molecule of water (symmetry related). The O5W is hydrogen bonded in the same manner to the upper O3W and to another carboxylate oxygen (symmetry related). The O2W is hydrogen bonded to two different carboxylate groups, and O3W to O2W and the symmetry generated O3W. The co-ordinated water molecule O IW is involved as well in hydrogen bonding to 024 and 023 (symmetry generated). A number of water lattice molecules form columns that run through the middle of the unit cell (Figure 2 ). The X-ray structure of 6 is shown in Figure 3 and selected bond lengths and angles for the complex are presented in Table 4 . The asymmetric unit consists of two independent [Mn(phen)(H_O)2] 2/ cations, two independent isophthalate anions [isoph]-, a non-coordinated phenanthroline molecule and twelve uncoordinated lattice water molecules. (Figure 3) The two co-ordinated H20 molecules of each cation are hydrogen bonded (Table 5 ) to a carboxy|ate group belonging to one ofthe isophthalate anions (O1 W-O22, O2W-O21, O3W-O31 and O4w-O32).
An important aspect in the crystal is the presence of non-co-ordinate phenanthroline molecule intercalated between two phenanthroline groups on adjacent manganese centres. The non-co-ordinate phenanthroline molecule brings n-n stacking to the crystal, the interplanar distances for the n-n stacking are ca. 3.4A. The intercalated phenanthroline molecule is also involved in hydrogen bonding (Table 5) to one of the coordinated water molecules of each cation (NIE-O3W 2.851, N2E-O2W 2.837A) (Figure 4 ). These phenathroline molecules are stacked parallel to the ab plane and perpendicular to the plane containing the phthalate anions ( Figure 5 ). (3) O ( The X-ray structure of 7 is shown in Figure 6 and selected bond lengths and angles for the complex are presented in Table 6 . The structure consists of interlocked undulating polymeric ribbons running parallel to the c axis. Each manganese ion is coordinated to one bipy group, one bidentate carboxylate group and two further oxygen donors, one from each of two 1,3-carboxylate bridges ( Figure 6 ). The diacids are each bonded to three different manganese ions, using one carboxylate as a bidentate ligand and the other as a bridging group. The manganese/isoph backbone of the polymer is shown in Figure 7 . Figure 8 shows the resulting honeycomb network, with n-stacking parallel to a and the polymer running parallel to c. The resulting lattice has channels parallel to a where the uncoordinated bipy molecules lie; these do not appear to have any significant interactions with the rest of the structure. All of the novel complexes (1-7), the metal free ligands and simple salts of manganese were each tested for their ability to inhibit the growth of Candida Albicans ( Symmetry transformations used to generate equivalent atoms: #1 x,-y+l/2,z-1/2 #2 x+l,y,z #3 x-1,-y+l/2,z+l/2 #4 x-l,y,z #6-x+l,y-1/2,-z+l/2 #7 x, 1/2-y, l/2+z
#5 -x,-y+l,-z+l "Metal free" 1,10-phenanthroline showed very high anti-Candida activity and indeed this was only surpassed by the activity of the phthalate/1,10-phenanthroline complex 2. In this case is thought that the powerful chelating ligand 1,10-phenanthroline is probably coordinating to metal ions (other than manganese) that are present in trace quantities in the growth medium and that it is these resulting metal-phenanthroline complexes that are responsible the observed anti-candida activity of the so called "metal free" phenanthroline. Studies are currently being carried out in our laboratories to examine this hypothesis.
In conclusion, it would appear that phthalic acid and isophthalic acid whether coordinated or uncoordinated to manganese do not posses any anti-candida properties. Furthermore the presence of the N, Ndonor ligand bipyridine does not improve the activity of the isophthalate complex. The 1,10-phenanthroline molecule is a potent anti-candida agent and upon reaction with the phthalate and isophthalate complexes it yields compounds with comparable fungitoxic activity. Complexes of Phthalic and Isophthalic Acid The compounds were tested at concentrations of 10 tg cm "3 of aqueous RPMI medium. The complexes 5 and 7 were insoluble in water and were used as suspensions. Yeast cells were grown for 24h at 37 C. Results are presented as % cell growth and the effectiveness ofthe compounds are compared to the growth of the control (no compound added).
